A revised and updated classification for the families of flowering plants is provided. Many recent studies have yielded increasingly detailed evidence for the positions of formerly unplaced families, resulting in a number of newly adopted orders,
INTRODUCTION
Since the previous APG classification (APG II, 2003) , a great deal more information about flowering plant relationships has emerged, and a more refined and better-resolved classification is now possible. If a wellsupported hypothesis of monophyly is a necessary prerequisite for a group to be named, it is not sufficient. Not all clades need be named and, indeed, it would barely be practicable to do this, so to decide which clades should be named, additional criteria can be invoked. Backlund & Bremer (1998) provided a useful discussion on the principles of rank-based phylogenetic classification that is applicable at all levels apart from species and immediately above (see Albach et al., 2004; Entwisle & Weston, 2005; Pfeil & Crisp, 2005, etc ., for examples). We follow these principles here. Backlund and Bremer's main principle is that taxa that are recognized formally should be monophyletic. However, this does not indicate which particular clades should be named as families, orders etc.
It is helpful if (1) taxa formally recognized are easily recognizable, (2) groups that are well established in the literature are preserved, (3) the size of groups is taken into account (particularly small ones, which should be combined with others whenever possible) and (4) nomenclatural changes are minimized (Backlund & Bremer, 1998) . Thus, on the one hand, numerous small groups have little to recommend them, as individually they summarize only a small amount of information and tend to clog the memory, whereas groups that are too large may have few obvious shared traits that can be used to recognize them. Asparagales and Lamiales in particular have a number of problems in this regard and include families that are still in a state of flux in this respect.
Changes are being made to the classification adopted by APG II for several reasons, but bearing the Backlund and Bremer guidelines in mind.
1. In the earlier versions of the Angiosperm Phylogeny Group classification, alternative circumscriptions were permitted for some families. However, this seems unnecessary and more likely to cause confusion than clarity. Here we indicate one of the alternatives, a choice based in part on the circumscriptions adopted by textbooks (e.g. Judd et al., 2007) , dictionaries (e.g. Mabberley, 2008) and the general literature. Note that, in preparation for the third edition of The Plant Book, Mabberley (2008: xi, 927, 929) consulted widely among taxonomists about which alternative they preferred, and, more recently, the issue of these alternative circumscriptions was discussed by researchers representing several European herbaria (e.g. K, E, BM, P, G and the Dutch herbaria collectively) that are in the process of reorganizing their collections along APG lines. They have all agreed to adopt APG III as their standard and the linear order of Haston et al. (2009) . In general, the broader circumscriptions have been favoured and are adopted here. 2. Papers over the last few years have clarified the positions of isolated families including Ceratophyllaceae, Chloranthaceae and Picramniaceae (Jansen et al., 2007; Moore et al., 2007; Wang et al., 2009) , and this has necessitated addition of orders not previously recognized by APG. 3. A few genera/families, members of which had either not been sequenced before or for which chimaeric sequences were produced, were wrongly placed. Thus, families like Guamatelaceae have been added; Guamatela used to be placed in Rosaceae, but molecular data places it in Crossosomatales (Oh & Potter, 2006) . Hydatellaceae have been moved from Poales to Nymphaeales (Saarela et al., 2007) . 4. There are a few cases where the general pattern of relationships has not changed much since APG II, but our appreciation of the pattern of variation has. For example, this helps justify inclusion of Ixerbaceae in Strasburgeriaceae. 5. Finally, a few family circumscriptions suggested by APG II did not reflect general usage, so we have modified these, an example being the broadly circumscribed Brassicaceae, which are here split into three families.
In general, we have tried not to change the status of families if they have long been recognized, unless there are other good reasons for combining them. However, we have taken the opportunity to combine mono-or oligogeneric families. Most of the familylevel changes mentioned below have resulted in the families now recognized being relatively well characterized. However, we realize that it is almost impossible to achieve universal agreement for change -of any sort. Note that we do not see the APG classification as continuing to mutate for the indefinite future. Given the amount of phylogenetic work that has taken place in the last five years, the changes proposed here are modest. We hope the classification below will be found to be reasonable and, hence, will not need much further change, although we do note those few areas where there is particular phylogenetic uncertainty that may necessitate further revision of familial or ordinal limits. For further discussion on the variation in the groups discussed, potential apomorphies, etc., see the literature cited and Stevens (2001) ; particularly important recent work includes Wang et al. (2009: rosids) , Tank & Donoghue (in press ), Moore et al. (2008, in press : core eudicots), Wurdack & Davis (2009: Malpighiales) and Refulio-Rodriguez & Olmstead (2008, pers. comm.: Lamiales) .
For those researchers who wish to employ a formal, higher-level classification for the land plants, Chase & Reveal (2009) have proposed a system. It is based on the recognition that most previous systems have inflated the ranks of the angiosperms and the other major groups of land plants. In this system, all embryophytes are a class, and, therefore, the angiosperms are recognized collectively as a single subclass, Magnoliidae, which necessitated the use of superorders for the major angiosperm clades recognized here (rosids, asterids etc.).
The general sequence of orders follows the left to right sequence of the largely ladderized tree in Haston et al. (2009) . Within orders, the sequence of families is alphabetical. Symbols: *new family placement; †newly recognized order for the APG system; §new family circumscription described in the text; $families that represent the broader circumscription of options available in APG II and favoured here, $$families that were in square brackets in APG II, the narrower circumscriptions favoured here. The list reflects a starting date for all flowering plant family names as 4 August 1789 (Jussieu, Genera plantarum). Full citations are available elsewhere (Reveal, 2008 -onward) . A summarized phylogenetic tree representing the relationships among the major groups recognized here is presented in Figure 1 . Melikyan, A.V.Bobrov & Zaytzeva (1999) Amborellaceae Pichon (1948), nom. cons.
CLASSIFICATION OF FLOWERING PLANTS †Amborellales
The evidence that Amborellaceae are sister to all other angiosperms is clear (e.g. Hansen et al., 2007; Jansen et al., 2007; Moore et al., 2007) . However, even if they were sister to Nymphaeales (e.g. Goremykin, Viola & Hellwig, 2009) There seems to be a general preference for keeping Cabombaceae and Nymphaeaceae separate, although both are small in terms of species. The two families are easily characterizable. The inclusion of Hydatellaceae (previously included in Poales) here was unexpected, but it is well supported morphologically and embryologically (Saarela et al., 2007; Friedman, 2008; Rudall et al., 2008) . Austrobaileyales Takht. ex Reveal (1992) Austrobaileyaceae Croizat (1943) Chloranthaceae are probably sister to magnoliids (Moore et al., 2007) . Separate ordinal status is warranted because of their phylogenetic position; they are also morphologically distinctive. Chen et al., 2004a, b) and the family does not have any apomorphies. When combined with Limnocharitaceae, a family that was only relatively recently described (Cronquist, 1981) , the enlarged family has several distinctive characters. It may be necessary to split off Maundia from Juncaginaceae (Iles et al., 2009; S. von Mering & J. W. Kadereit, pers. comm.) , and Maundiaceae Nakai is available. However, it might be better in this case to create a larger single family for the larger clade. More study is needed before another monogeneric family is recognized in Alismatales. †Petrosaviales Takht. (1997) Petrosaviaceae Hutch. (1934), nom. cons.
MAGNOLIIDS
The isolated position of Petrosaviaceae here is well supported (e.g. Tamura et al., 2004; Chase et al., 2006) Merckx et al. (2006) and Merckx & Bidartondo (2008) , and Merckx et al. (2009) An expanded Amaryllidaceae, including Agapanthaceae and Alliaceae, are recognized here (Amaryllidaceae was recently conserved over Alliaceae, despite Alliaceae being the older name). Several characters support the combined group. Agapanthaceae, if kept separate, are weakly characterized; the family is monogeneric.
The area around Asparagaceae is difficult from the standpoint of circumscription. Although Asparagaceae s.l. are heterogeneous and poorly characterized, Asparagaceae s.s., Agavaceae, Laxmanniaceae, Rus- Sparganiaceae are included in Typhaceae; the two families are monogeneric, occupy similar habitats and share a number of features. That they were treated separately in APG II was a mistake (M. W. Chase, pers. comm.). They have in the past been combined; Mabberley (2008) suggested that their combination would be in order.
Zingiberales Griseb. (1854) Cannaceae Juss. (1789) 
PROBABLE SISTER OF EUDICOTS
Ceratophyllales Link (1829) Ceratophyllaceae Gray (1822), nom. cons.
The molecular evidence that Ceratophyllaceae are sister to eudicots is becoming clearer (Jansen et al., 2007; Moore et al., 2007 , but cf. Goremykin et al., 2009 We adopt broad limits for Circaeasteraceae and Papaveraceae, as this is commonly done (Judd et al., 2007; Mabberley, 2008) , and the two families are well characterized in their broader circumscriptions. The two families into which Circaeasteraceae have been divided (Circaeasteraceae and Kingdoniaceae) are both monogeneric; they are herbaceous and their leaves have the same distinctive dichotomous venation.
Sabiaceae Blume (1851), nom. cons.
Although Moore et al. (2008) The limits of Buxaceae are expanded. The monogeneric Didymelaceae have the same distinctive pollen and chemistry as at least part of Buxaceae, although there is currently no evidence for the paraphyly of the latter. Some morphological features suggest that Haptanthaceae are best placed here, but they are distinct from all other angiosperms (Doust & Stevens, 2005 ). An order for the two families is warranted. Note that relationships of Trochodendrales and Buxales remain unclear, although they are certainly to be placed in this part of the tree. CORE EUDICOTS Gunnerales Takht. ex Reveal (1992) $$Gunneraceae Meisn. (1842) The limits of Iteaceae are broadened because the combined clade is well characterized and Pterostemonaceae are monogeneric. The limits of Haloragaceae are drawn narrowly as the inclusion of Penthoraceae and Tetracarpaeaceae would result in a family with no obvious characters and totally novel limits. The three families are individually tolerably well characterized. Recent molecular analyses strongly support a placement of Peridiscaceae within Saxifragales, as sister to all other members of this clade (Soltis et al., 2007a; Jian et al., 2008) , rather than in Malpighiales as previously proposed. Peridiscaceae continue to be expanded (Davis & Chase, 2004; Wurdack & Davis, 2009 ), but all members of the expanded family have similar distinctive seeds etc.
Cynomoriaceae are another family of holoparasitic angiosperms that have been difficult to place. Some molecular analyses had placed them in Santalales (Jian et al., 2008) , although with little support. However, Barkman et al. (2007) found no support for a position in that order or anywhere else. Nevertheless, Nickrent (2002) and Nickrent et al. (2005) suggested that Cynomoriaceae should be placed in Saxifragales, but the evidence for placing them here versus in Santalales is not strong. Confounding the placement of this taxon is evidence for horizontal gene transfer involving its host for some mitochondrial genes (Barkman et al., 2007 Although Krameriaceae are monogeneric, they are readily distinguished from the heterogeneous Zygophyllaceae; the two are sister taxa. Combining the two would simply make a heterogeneous Zygophyllaceae still more so. An order is needed for this family pair as it is placed with strong support as sister to a clade containing more than two fabid orders in the analysis by Wang et al. (2009 The limits of Celastraceae are broadened because the three small families included show every sign of making Celastraceae paraphyletic if excluded (Zhang & Simmons, 2006) . The dismemberment of Celastraceae needed to maintain the families, of which only Parnassiaceae are well known, would be extensive and yield poorly characterized families, and Celastraceae s.l. are better characterized than Celastraceae, excluding Parnassiaceae (for morphology, see Matthews & Endress, 2005a et al., 2007) ; the recognition of Peraceae Klotzsch (1859) would be needed to maintain monophyly of Euphorbiaceae. However, pending further studies, Peraceae are not recognized here. Limits of clades in the Bonnetiaceae-Podostemaceae area are becoming clearer (Wurdack & Davis, 2009) , and this necessitates the removal of Calophyllaceae from Clusiaceae. The alternatives would be a family that included both of these families and Bonnetiaceae, Hypericaceae and Podostemaceae or one that included the last two families plus Calophyllaceae; in both cases Hypericaceae would be the correct name. The four families in the area of Chrysobalanaceae, Dichapetalaceae, Euphroniaceae and Trigoniaceae are kept separate as, although clearly related, a broadly drawn Chrysobalanaceae would be heterogeneous (see Matthews & Endress, 2008, The addition of several families to Crossosomatales is well justified (e.g. Sosa & Chase, 2003; Soltis et al., 2007b; Wang et al., 2009) , although monogeneric Guamatelaceae are a somewhat surprising addition, Guamatela having previously been included in Rosaceae (Oh & Potter, 2006) . For the most part, relationships among families included in Crossosomatales have not been suggested before. The order is heterogeneous, although the families are all small. Nevertheless, Matthews & Endress (2005b found a number of floral features to be at least common in the order. The sister taxa Strasburgeriaceae and Ixerbaceae are two monogeneric families that agree in several characters, including base chromosome number and stamen and gynoecial morphology etc.; combination is in order. As the order is now defined, Staphyleales Mart. (1835) is an older name for Crossosomatales Takht. ex Reveal (1993) . It need not be adopted, however. †Picramniales Doweld (2001) *Picramniaceae Fernando & Quinn (1995) Picramniaceae were previously unplaced rosids, but there is now strong support for a position in the rosid II/malvid clade (Wang et al., 2009 This assemblage of three small families is well supported, and recognition of Huerteales is appropriate given their position. Within Huerteales, the recently described Gerrardinaceae (Gerrardina was previously placed in Flacourtiaceae) are sister to the rest, and Dipentodontaceae, although monogeneric like Gerrardinaceae, are distinctive (see Worberg et al., 2009 Inclusion of monogeneric Bretschneideraceae into the monogeneric Akaniaceae is justified by the morphological similarities of the two, which are sister taxa. Although a broad circumscription of Brassicaceae was recognized in APG (1998) and APG II (2003), the consensus prefers the recognition of three families, all of which can be characterized, albeit Capparaceae only rather poorly so. The final phylogenetic positions, and hence taxonomic disposition, of some genera, particularly those previously included in Capparaceae-Stixeae, remain uncertain (Hall, Sytsma & Iltis, 2002; Hall, Iltis & Sytsma, 2004) . Nonetheless, the name Stixaceae Doweld A broad circumscription for Bixaceae is adopted; the three families included are all small, and the combined family can be characterized morphologically. The parasitic Cytinaceae (including Bdallophyton Eichl.) find their resting place here (Nickrent, 2007) . The novel dismemberment of Malvaceae by Cheek (2006) , see also Cheek in Heywood et al., 2007) is not followed here; the families are difficult to distinguish, and two are new (Brownlowiaceae, Durionaceae, although the first is a later name for Sparmanniaceae J.Agardh as defined by Cheek). The close relationship of the four families that make up Malvaceae s.l. here has been recognized since at least the time of Robert Brown. Details of relationships in the area of CistaceaeSarcolaenaceae-Dipterocarpaceae remain unclear, and these families may need to be combined (Kubitzki & Chase, 2002; Ducousso et al., 2004) ; Cistaceae has priority if these are all combined as a single family. The morphologically distinct Aextoxicaceae and Berberidopsidaceae are strongly supported as sister taxa, and recent work (Moore et al., in press) placed them with strong support as sister to (Santalales (Caryophyllales + asterids)); thus, ordinal status is appropriate. The genera included in Schoepfiaceae used to be included in Olacaceae s.l., but they are exclusively related. They are well supported as being in a clade with Misodendraceae, but that family is morphologically so distinct that combination of the two families is inappropriate. The paraphyletic Olacaceae are being resolved into a number of clades (Malécot & Nickrent, 2008) , but relationships between these clades are uncertain and so new families/family limits are not proposed here. Santalaceae are kept with their previous circumscription. That they can be divided into clades (Der & Nickrent, 2008) , one of which is the morphologically distinct Viscaceae, is of itself insufficient reason for their dismemberment (see Introduction, also Dipsacales below). Balanophoraceae are to be included in Santalales (Nickrent, Der & Anderson, 2005; Barkman et al., 2007) , and there is some evidence that Cynomoriaceae might also belong here (see comments under Saxifragales, above). The recognition of a number of new but small families is necessitated by recent phylogenetic work on core Caryophyllales. Anacampserotaceae, Portulacaceae s.s., Montiaceae and Talinaceae are all clades near Cactaceae that are for the most part well supported as distinct (e.g. Applequist & Wallace, 2001; Nyffeler, 2007; Nyffeler & Eggli, in press; Brockington APG III 115 et al., in press ). Expansion of Cactaceae to include all or some of these small clades cannot, however, be justified. Not only have the limits of Cactaceae been stable over the years, but inclusion of Anacampseros and relatives (Anacampserotaceae) and Portulacaceae s.s. in Cactaceae (compatible with the best phylogenetic hypotheses) would yield a clade characterized solely by multicellular axillary hairs. Similarly, inclusion of these two groups and Talinaceae in Cactaceae would yield a clade characterized by parallelocytic stomata (probably) and fruit characters, but the latter have been subsequently lost in Cactaceae (Ogburn & Edwards, 2009) . Anacampserotaceae has only recently been described (Nyffeler & Eggli, in press) , recognition is compatible with their phylogenetic position.
It has long been recognized that the limits of Molluginaceae s.l. are unclear (e.g. Endress & Bittrich, 1993) . Limeaceae and Lophiocarpaceae are segregates necessitated by recent phylogenetic findings (Cuénoud et al., 2002) . Molluginaceae s.l. are yet another group much in need of basic anatomical, developmental and phytochemical study. We still know little about relationships of Phytolaccaceae, almost certainly not a monophyletic family as currently circumscribed. However, its division, as in Judd et al. (2007) , is premature.
It was clear in APG II that Theaceae s.l. could not be maintained. Subsequent work on the potential segregates has clarified the morphological pattern of variation (Stevens, 2001 , for a summary). Sladeniaceae are recognized as distinct from Pentaphylacaceae; although the two are sister taxa, they share few obvious characters, and little would be gained by uniting them. However, Ternstroemiaceae have much in common with Pentaphylacaceae and so the former are included in the latter. Theaceae s.s. are not immediately related to these families.
The monogeneric Pellicieraceae are included in Tetrameristaceae; the resulting family, with three genera, is moderately well characterized. Mitrastemonaceae is a morphologically distinctive holoparasitic family that is well embedded in Ericales.
The biggest problem for APG III was the question of how to treat Primulaceae and their immediate relatives, a closely related group that in the past has often been recognized as a separate order. Although Primulaceae and relatives are clearly in Ericales, taxon limits in this group have been problematic. Maesaceae are a monogeneric family necessitated by the break-up of Myrsinaceae, as are a monogeneric Samolaceae Raf. by the break-up of Primulaceae (or Theophrastaceae would have to be extended, so becoming less recognizable; see Källersjö, Bergqvist & Anderberg, 2000; Ståhl & Anderberg, 2004, for information) . The limits of Myrsinaceae were extended, and those of Primulaceae correspondingly restricted. Given that the limits of the two best-known families in the group, Myrsinaceae and Primulaceae, have been substantially changed, apomorphies are hard to recognize (less so for Maesaceae and Primulaceae s.s.), and the group as a whole has numerous synapomorphies and is easy to recognize so we extend the limits of Primulaceae (see also Mabberley, 2008 ), although we know that this move will not be universally welcomed.
LAMIIDS §*Boraginaceae Juss. (1789) Note that relationships among many families in Lamiales, and to a certain extent also their limits, are still unclear. Some of us would prefer a vastly expanded circumscription of Scrophulariaceae, far beyond what it has ever included, whereas others are not so inclined. The limits of Plantaginaceae have been further restricted since APG II by the recognition of the family of small herbs with rather distinctive stem anatomy and floral morphology (e.g. Linderniaceae), and Thomandersia has been removed from Acanthaceae as the monogeneric Thomandersiaceae (Wortley, Harris & Scotland, 2007 Expansion of Stylidiaceae to include the monogeneric Donatiaceae is supported by morphology and geography, and the expanded Campanulaceae have strong support in molecular studies and are well characterized morphologically. Relationships within Campanulaceae s.l. are still unclear (Tank & Donoghue, in press) , and a future attempt to recognize Lobeliaceae might either result in a clade poorly supported morphologically or entail the recognition of yet other families in this complex. †Escalloniales R.Br. (1835) §Escalloniaceae R.Br. ex Dumort. (1829) This is a heterogeneous group of genera that forms a well-supported clade, but one of uncertain position and within which relationships are poorly supported (Tank & Donoghue, in press An order is needed for the two families above. Winkworth, Lundberg & Donoghue (2008) found some support for a position sister to Asterales and Tank & Donoghue (in press) found stronger support for a position sister to the Paracryphiales-DipsacalesApiales clade; ordinal status is appropriate. Columelliaceae are broadly circumscribed because Desfontainiaceae have much in common with them; both families are Andean and monogeneric. †Paracryphiales Takht. ex Reveal (1992) §Paracryphiaceae Airy Shaw (1965) (including *Quintiniaceae Doweld, Sphenostemonaceae P.Royen & Airy Shaw (1972)) Although these three families are at first sight strikingly different, they have several characters in common and form a strongly supported clade (Tank & Donoghue, in press ); all are monogeneric and from the southwestern Pacific. Combination is in order (see also Myrtales, Crossosomatales). Tank & Donoghue (in press) A broad circumscription of Caprifoliaceae is adopted here as it is widely preferred (Judd et al., 2007; Mabberley, 2008) . The expanded family is well characterized, but half the clades it includes are poorly characterized morphologically.
Apiales Nakai (1930) Apiaceae Lindl. (1836) Expansion of Torricelliaceae to include Aralidiaceae and Melanophyllaceae is reasonable. All three are monogeneric and poorly known. Nevertheless, they form a strongly supported clade (e.g. Lundberg, 2001; Plunkett, 2001; Kårehed, 2002 Kårehed, , 2003 , and that they were kept separate before was a simple oversight. The recognition of Myodocarpaceae results from our improved understanding of relationships of members included formerly in Araliaceae. 
TAXA OF UNCERTAIN POSITION

